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The optical absorption and luminescence of CdBrz-CdIZ solid 
solutions were studied in the whole concentration range at LHeT 
and LNT. Four emission bands were observed in the regions of 
3.3 - 3.4 eV (UV-emission), of 2.9 - 3.0 eV (V-emission), of 
2.5 - 2.6 eV (G-emission) and of 2.0 - 2.2 eV (Y-emission). 
When the concentration of CdIZ, x, increases, the UV- (LHeT) and 
the G- (LNT) emission bands, which are associated with the iso-
lated I--ions in the CdBrZ-lattice in the case of very low con-
centration, decrease their intensities, whereas the Y-emission 
band increases its intensity and grows up to be an intrinsic 
emission band of CdI2. The G-emission band comes out again in 
the case of large x and grows up rapidly to be another intrinsic 
emission band of CdIZ at LHeT. The V-emission band appears only 
in the case of intermediate x, the behaviors of which resemble 
very much those of the UV-emission. From the present experimen-
tal results in addition to those reported previously in other 
systems, it will be deduced that the relaxed excitonic states, 
which are believed to be responsible for the intrinsic lumines-
cence in the cadmium halide systems, are approximated by the 
excited states of the [Cd z+X6J 4--complex molecular ions, where 
X is a halogen ion. 
1. Introduction 
Since several years, studies on the intrinsic luminescence have been 
carried out on cadmium halide crystai~:~~hiCh are ionic crystals of 
1 5 ) 
the layer structure. In these studies, it was shown that the relaxed 
excitonic states (referred as the RES in the following) are responsi-
ble for the intrinsic luminescence and are well approximated by the 
excited states of the [Cd z+X6J 4--complex molecular ions, where X- is 
a halogen ion. In order to confirm this model on the RES in the cad-
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mium halide crystals, man~ studies have been made not only on the pure 
13) 12) 11+ 13) (CdClz, CdBrz and CdI Z crystals but also on the doped (CdClZ:Br, 13) 12) 11) . 10) 
CdClZ:I and CdBrz:I ) and the mixed (CdCIz-CdBrz and CdClz-CdBrz:I ) 
crystals. It has been proved that in any system, one or two of the 
three emission bands, namely, the near-ultraviolet (UV), the green (G) 
and the yellow (Y) emission bands, are produced by the excitation in 
the intrinsic excitonic absorption region or in the localized ones due 
1 6 ) 
to the doped halogens, and that it depends on temperature and the 
constituent halogen ions whic~ of the three emission bands appear 
strongly. These facts are favor for the above described model of the 
RES. In the present study, the luminescence in the CdBrZ-CdI z mixed 
crystals was investigated to give another support for this model of 
the RES. 
In pure CdIZ, three emission bands appear by exciting with uv-light 
in the fundamental absorption region, the UV-, G- ahd Y-emission band~~ 
The G-emission band with a maximum at 2.50 eV is dominant at LHeT and 
the Y-emission band with a maximum at 2.16 eV is dominant at LNT. The 
UV-emission band at 3.35 eV is weak and appears only around LHeT. 
In CdBrZ:I, which contains small amounts of iodine ions, two prom-
inent emission bands are observed by the excitation in the localized 
• 12 16) 
excitonic absorption band at 4.57 eV due to the doped iodine lons. ' 
The UV-emission band at 3.35 eV is dominant at LHeT and the Y-emission 
band at 2.52 eV becomes dominant at LNT. 
The behaviors of these emissions, such as the temperature dependencE 
of intensity, life-time and polarization, were investigated in detail 
by the present authors and were reported in the previous papers~2 ,11+) 
In this paper will be presented the experimental results on lumines-
cence associated with I--ions in CdBrZ-CdI Z mixed crystals. The emis-
sion and the excitation spectra were investigated for various I--ion 
concentrations between 1 to 100 mol %. Some discussions will be made 
on the RES in the cadmium halide crystal~. 
2. Experimentals 
2.1. Samples 
The CdBrZ-CdI Z mixed crystals were grown from the melt using the 
Stockbarger technique. Special reagent-grade powders of CdBrz·4HzO 
and CdI 2 were used as raw materials and were dehydrated and dried up 
in vacuum for several days. Appropriate single crystals were obtained 
in all compositions in this way. The real concentrations of CdI Z in 
the mixed crystals were determined for every specimen by the spectro-
photometric analysis. This was done by measuring intensities of ab-
sorption at 226 nm due to I--ion in aqueous solutions. In the rollow-
ing in this paper, the values or the CdI 2 concentration, x, are those 
estimated by this method and are given in mol %. 
It is well known that the cadmium iodide crystal exhibits polytyp-
i 17)Th i sm. e crystals grown from melt have been reported to be predom -
nantly of the 4H type. On the other hand, the cadmium bromide have 
1 5 ) 
the 6R modification which is isomorphic to the CdC1 2-type structure. 
Thus, it is supposed that the CdBr2-CdI2 mixed crystals are formed by 
1 8 ) 
the various type of stacking. 
2.2. Measurements of absorption 
3 
The measurements of optical absorption of the CdBr2-CdI2 mixedcrys-
tals were 'made on films evaporated onto a quartz substrate. The sub-
strate was kept at RT during the evaporation. Small pieces of mixed 
crystals, the concentrations of which were checked by the method des-
cribed above, were mounted in a platinum wire heater. Measurements 
of absorption were carried out at LNT by using a HITACHI-EPS-3T spec-
trophotometer. 
2.3. Measurements of luminescence 
The measurements of luminescence were made on the single crystals 
cleaved along the plane perpendicular to the crystal c-axis from the 
ingots. the crystals were mounted on a sample holder of a metal cry-
ostat to which a calibrated Au:Co-chromel thermocouple was attached 
to measure the temperature of the specimen. The direction of the ex-
citing light beam was parallel to the crystal c-axis and luminescence 
was observed in the direction perpendicular to this. The wavelength 
band pass of the grating monochromators was set at 60 A and 30 A for 
the measurements of emission and excitation spectra, respectively. 
All experimental setup were of conventional ones l2 )using a combination 
of a 200 ~ D2-lamp, NICON-G250 grating monochromators, an HTV-R636 
photomultiplier, an NF-LI-573 lock-in amplifier and some optical 
equipments. 
2.4. Measurements of life-time and polarization 
1.2,13) The experi~ental setup was the same as used in the previous worK. 
In the measurements of life-time, excitation was made by two photon 
absorption processes with a 337.1 nm light pulse of short duration 
< 10 ns) from a nitrogen gas laser. The exciting light pulse was 
incident along the c-axis and the emitted light was detected in the 
4 
direction perpendicular to this. 
In the measurements of polarization, the crystals were excited with 
light polarized perpendicular to the c-axis and the intensities of 
luminescence polarized along or perpendicular to the c-axis were ob-
served in the direction perpendicular to the c-axis. Corrections were 
made for the inherent polarization characteristics of the analyzing 
system!2) 
3. Experimental Results 
In Fig. I are shown emission spectra of CdBr 2 :I and CdI 2 obtained 
at LHeT (solid curve) and LNT (dashed curve). In CdBr2:I, two emis-
sion bands are observed with excitation in the localized excitonic ab-
sorption band at 4.57 eV. Their peak positions are at 3.35 eV (UV-
emission) and at 2.52 eV (G-emission). As temperature rises from LHeT 
to LNT, the intensity of the UV-emission, which is dominant at low 
temperature, decreases rapidly around 60 K, and, instead, the G-emis-
sion increases its intensity. These emissions are excited strongly 
only in the localized excitonic absorption band and are associated 
with iodine ions doped in CdBr2' In CdI 2 , irradiation in the funda-
mental absorption region gives rise to two emission bands at LHeT, the 
G- (at 2.50 eV) and the Y- (2.16 eV) bands. They exchange intensities 
as temperature rises and the Y-emission becomes dominant above 20 K. 
There is a weak emission band at 3.35 eV (UV-emission), which is also 
supposed to be intrinsic one. Weak structures around 3.1 eV in the 
emission spectra are due to the Pb 2+-ions which are contained in raw 
materials. 
Figure 2 shows the absorption spectra of thin films evaporated on 
quartz substrates. Measurements were made at LNT. The concentrations 
of CdI 2 in mol %, x, are given in the figure. Arrows indicate posi-
tions of the absorption components due to CdI 2 . An arrow A shows the 
position of the absorption peak due to the isolated I--ions in CdBr2' 
Arrows Bl and B2 are those of halogen doublets of CdI 2 . With in-
creasing x, the absorption components due to CdI 2 grow and shift to-
ward the low energy side and finally tend to the excitonic absorption 
bands of CdI 2 . The spectra of the mixtures, however, are too vague 
to discuss their characteristic dependence on x in detail. 
In Fig. 3 are shown emission spectra obtained at LNT (A) and at 
LHeT (B) for CdBr2-CdI2 mixed crystals containing various amounts of 
CdI 2; from x = 0.6 up to 100 mol %. Excitation was made with uv-light 
at 4.42 eV. The spectra are normalized so as the areas under the spec-
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Fig. 1 (A). Emission spectra of CdBrZ:I 
measured at LHeT (solid curve) 
and LNT (dashed curve). The concentration 
of Br--ions is 1 mol %. Excitation was 
made with uv-light of 4.57 eV in the 
absorption band due to I--ions. mea-
surements were made with a resolution 
of 60 A. Intensity of each spectrum is 
normalized to unity at the maximum. 
(B). Intrinsic emission spectra of CdIZ 
measured at LHeT (solid curve) and LNT ( 
dashed curve). UV-light of 3.82 eV in 
the intrinsic absorption region is used 
for excitation of the crystals. The spec-
tral resolution is 60 A and each spectrum 
is normalized. 
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Fig. Z Absorption spectra of 
CdBr2-CdI2 thin films 
evaporated on the quartz plates 
measured at LNT. The concentra-
tions of CdI2 in the films are 
given in the figure as X in mol 
%. Arrows in the figure show 
the positions of absorption com-
ponents due to CdI2. The arrow 
A shows the position of absorp-
tion peak due to the isolated 
I--ions measured on the single 
crystal. Arrows Bl and B2 show 
the positions of the halogen 
doublets of CdI2. 
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tra are equal one another. At LNT (see F~g. 3 (A)), when X increases, 
the G-emission band at 2.52 eV of the isolated I--ions in CdBr 2 , the 
spectrum a, decreases its intensity rapidly and around 2.1 eV is pro-
duced another emission band, which grows up into the Y-emission band at 
2.16 eV of CdI2, the spectrum i. Between X = 6.5 and 16 mol %, a new 
emission band appears around 2.95 eV, which is called the V-emission 
band in the following. As shown in Fig. 3 (B), at LHeT, the UV~emis­
sion band at 3.35 eV of the isolated r--ions in CdBr2' the spectrum a, 
decreases its intensity rapidly when increasing X from 0.6 to 16 mol % 
and, instead, the V-emission band grows at 2.95 eVe By further increase 
of x, the intensity of the V-emission decreases gradually and the in-
trinsic emission band grows up at 2.16 eV, the Y-emission. Another 
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Fig. 3 Emission spectra of CdBr2-CdI2 mixed crystals measur-
ed at LNT (A) and at LHeT (B). Concentrations of CdI 2 
in the crystals are shown in the figure in mol %. Crystals 
were excited with 4.42 eV uv-light. Spectra are normalized in 
such a way that the areas under the curves are equal one an-
other. Measurements were made with a resolution of 60 A. 
intrinsic band of CdI 2 at 2.50 eV, the G-emission, appears suddenly 
above x = 90 mol % and becomes dominant in pure CdI2. 
The excitation spectra measured at LNT are shown in Fig. 4. Lumi-
nescence was detected in the region of 2.2 - 2.4 eV. Arrows in the 
EXCITATION 
Cd Br,-CdI2 LNT 
Fig. 4 Excitation spectra of 
CdBr2-CdI2 mixed crystals 
measured at LNT for the emissions 
shown in Fig. 3 (A). Concentra-
tions of CdI2 in the samples are 
shown in the figure. Arrows 
indicate the same positions as 
in Fig. 2. 
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Fig. 5 Excitation spectra of CdBr2-CdI2 
mixed crystals at LHeT for the 
case of X = 6.5, 11 and 16 mol %. The 
solid, dashed and chained curves repre-
sent the excitation spectra for the V-, 
UV- and Y-emissions,respectively. The 
relative intensities at 4.42 eV reflect 
those of the emission spectra in Fig.3. 
figure show the same positions as those in Fig. 2. When X < 1 mol %, 
the luminescence is strongly excited only in the region of the impurity 
absorption band due to I--ions in CdBr2' When X increases, the excita-
tion spectra are extended toward both sides of the isolated I--band, 
which corresponds to the enhancement of the absorption components due 
to CdI2 shown in Fig. 2. 
As shown in Fig. 3 (B), three- emission bands, the UV-, V- and Y-
emission bands, are well separated one another. Thus, it is possible 
to measure the excitation spectra for each emission individually. The 
results are shown in Fig. 5 for the case of x = 6.5, 11 and 16 mol % 
with solid (V), dashed (UV) and chained (Y) curves. The relative in-
tensities of these emissions excited at 4.42 eVreflect those of the 
emission spectra in Fig. 3 (B). When x is small enough, the UV-emis-
sion is excited only in the region of the 4.57 eV absorption band and 
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Fig. 6 The temperature dependence of the 
luminescence intensities and life-
times of the V-emission (A) and the UV-
emission (B) in CdBr2-CdI2. The solid 
curves show the temperature dependence 
of intensities of the V-emission (Iv 
in A) and of the UV-emission (Iuv in 
B). The dashed curves show those of 
the Y-emission (Iy in A) and the G-emis-
sion(IG in B) which are dominant at 
higher temperatures. The open circles 
give the values of lifetime at each tem-
perature for the V- (TV) and the UV-
(TUV) emissions. 
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Fig. 7 The temperature depend-
ence of degree of po-
larization of the V- (A) and 
UV- (B) emissions. Excitation 
was made with nonpolarized light 
projected along the c-axis and 
the emission was detected per-
pendicular to the crystal c-axis. 
Corrections were made for the 
inherent polarization character-
istics of the analyzing system. 
the V- and Y-emissions do not appear. With increasing x up to 6.5 mol 
%, the V-emission is strongly excited in the low energy side of the 
4.57 eV band and the weak spectrum for the Y-emission is also observed 
as shown in the figure. With further increase of x, spectra for the 
V- and Y-emission grow and extend toward the low energy side. It is 
obvious in the figure that the regions of the strong excitation are 
placed in the low energy side for the Y-emission than for the V-emis-
sion. These behaviors of the excitation spectra indicate that some 
other absorption components grow in the low energy side of the 4.57 eV 
band as X increases. 
The V-emission band appears only in the concentration region from 
X = 5 to 50 mol %. To reveal nature of this emission peculier to the 
mixed crystals of CdBr2-CdI2' the temperature dependence of the lumi-
nescence intensity, life-time and polarization were measured. 
9 
Figure 6 shows the results on the intensity and life-time. The up-
per half (A) of this figure gives the results obtained for the crystals 
of x = 16 mol %. The solid and dashed lines, Iv and Iy, show the tem-
perature dependence of intensities of the V- and Y-emissions, respect-
ively. The intensity of the V-emission, which is dominant at low tem-
perature, decreases around 40 K, and, instead, the y-emission increases 
its intensity. The life-times of the V-emission, lV' measured at var-
ious temperatures are plotted in this figure with open circles. The 
value of LV is 60 ns at LHeT and its temperature dependence is the same 
as that of the intensity. The lower half (B) of this figure gives the 
results obtained for the crystals of x = 1 mol %. In this case, the 
UV- and the G-emissions are observed in place of the V- and the Y-emis-
sions, respectively. As shown by the solid and dashed lines, the in-
tensity of the UV-emission, which is dominant at low temperature, dec-
reases around 60 K and, instead, the G-emission becomes dominant at 
higher temperature. The value of life-time of the UV-emission, lUv' is 
0.5 ~s and independent of temperature below 50 K. Its temperature de-
pendence is the same as that of the intensity. From the results in 
this figure, it turns out that the V-emission resembles the UV-emission 
very much in the temperature dependence of the intensity and life-time. 
In Fig. 7 are shown the temperature dependence of the degree of po-
larization, P, of the V-emission in the case of x = 15.5 mol % (A) and 
of the UV-emission in the case of x 1 mol % (B). The values of pare 
defined here as p = - (IQ ~ I~) / (I~ + I~) and are 0.2 for the V-
emission and 0.5 for the UV-emission at LHeT. When temperature rises, 
the values of P decrease rapidly in both cases of the V- and the UV-
emissions. Here again are established similarities between the V- and 
the UV-emissions. 
4. Discussion 
As shown in Fig. 3, four emission bands are observed in the CdBr2-
CdI 2 mixed crystals, namely, the UV-, V-, G- and Y-emission bands. The 
UV- (LHeT) and the G- (LNT) emission bands are dominant in the crystals 
of small x and are associated with the isolated I--ions in the CdBr2-
lattice in the case of x < 1 mol %. These luminescence survive in the 
crystals of larger x up to x = 20 mol %. On the other hand, the Y-emis'-
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sion ~and is dominant in the case of large x and are closely related to 
the intrinsic luminescence of CdI2' However, this luminescence is also 
observed even below x =10 mol % where any intrinsic nature of CdI 2 
can not be expected. Another intrinsic luminescence of CdI 2 at LHeT, 
the G-emission, appears suddenly above x = 90 mol % and grows rapidly 
to become the dominant emission of CdI 2 at LHeT. The V-emission is 
peculier to the mixed crystals containing CdI 2 from 5 to 50 mol % and 
is observed strongly at low temperatures. As temperature rises, this 
emission fades out and instead g~ows the Y-emission which is related to 
the intrinsic one of CdI 2 . 
As already mentioned in section 1, the emission bands in any cadmium 
halide systems studied up to the present belong to one of three groups 
10-1~) 
of emission bands, namely, the UV-, G- and Y-emission bands. The 
V-emission band, which is firstly observed in the present study, does 
not correspond to any of these groups apparently. The close similari-
ties between the V- and UV-emissions as shown in Figs. 6 and 7, however, 
convince us that the V-emission should be classified as one of the UV-
emission group in spite of its energy position desplaced significantly 
to the low energy side. If we admit this, the above described classi-
fication of the emissions in' the cadmium halide systems does also hold 
in the present system of CdBr2-CdI2' 
Thus it may be concluded:here that in any cadmium halide systems in-
cluding the pure, halogen-doped and mixed crystal, only three emissions 
at most are observed universally though the systems contain various 
halogens in the diverse manners. This fact indicates that the lumines-
cence centers are related to the Cd 2+-ions which are commonly contained 
in all systems. However, the behaviors of the emissions in the indi-
vidual systems, such as the temperature dependence, depend strongly on 
the constituent halogen ions and further, it must be remembered that 
the changes of emission spectra with the compositions of halogens in 
the mixed crystals take place rather gradually as reported previously 
11) 10) for the CdC12-CdBr2 and CdC12-CdBr2:I systems and as presented in 
this paper for the CdBr2-CdI2 system. This fact suggests, on the 
other side, that a respectable number of halogen ions should be contain-
ed in the luminescence centers. Thus, it would be reasonable to take 
[ 2+ -J4-the Cd X6 -complex molecular ions as the luminescence centers. This 
means that the RES, which is responsible for the luminescence in the 
cadmium halide systems, is described approximately by the excited states 
of the complex molecular ions. 
It is possible to obtain the molecular orbitals of the octahedral 
complex in the 0h-symmetry approximation composed of the a-orbit on the 
11 
central metal ions and the p-orbit on the ligand halogen ions~1,22)All 
these molecular orbits are filled with electrons in the ground state 
of the present complex ions. With optical excitation, an electron is 
raised to the higher a!g orbit, which is mainly composed of the 5 5 -
orbit on the cadmium ion, and left an hole in the d-valence orbits, 
* * such as e g and t 2g , or in the halogen-ligand orbits, such as tlg, tl u 
and t2u' The luminescence is supposed to be emitted by recombination 
of the a~ electrons with the holes left in the filled orbits. It was 
proposed rn the previous paper~2'lfi§ taking account of the experiment-
al results on the spectral energy positions, life-time and polarization 
that the UV-, G- and Y-emissions are emitted with the electronic tran-
sitions from the a!g state to the tI u , tlg and e; states, respectively. 
These assignments of the transitions are also adequate in the present 
case of the CdBr2-CdI2 mixed crystals. Relatively short life-time of 
the UV- and V-emission is attributed to the parity allowed transit~on 
from the a~g to the t lu state. The parity forbidden transitions from 
the a~g to the t lg or e; states give rise to the G- or Y-emissions 
with relatively long life-time, for example, 4 ~s of the G-emission in 
12) CdBr2:I, 7.6 ~s of the G-emission in CdI2 and 6.3 or 22 ~s of the y-
o i 0 14) 
emlss on In CdI2. In order to explain more detailed features of the 
luminescence, such as polarization, it is necessary to take into con-
sideration the other important effects, such as those ariSing from the 
D3d crystal field, the spin-orbit interaction and the electron-hole 
interaction. We 'will not step into these treatment in the present 
paper. 
For the purpose of making the present model of the RES more clear, 
it is worty to note here that the halogen ions in the complex molecu-
lar ions can be supposed to influence dramatically upon the thermal 
stability of each RES. In practice, it was confirmed experimentally 
in the CdC1 2-CdBr2 system that the UV-emission, the intrinsic one of 
CdBr2' decay thermally at lower temperature in the crystals containing 
1 1 ) larger amount of CdC1 2 . This suggests clearly that the presence of 
the Cl--ions decreases the activation energy of the thermal relaxation 
of the RES responsible for the UV-emission. These influences upon the 
thermal stability of the RES explain qualitatively the changes of the 
emission spectra in the mixed or halogen-doped crystals. In the pre-
sent case of the CdBr2-CdI2 crystals, the changes of the emission spec-
tra shown in Fig. 3 can be explained as follows. The G-emission band 
in CdI2 , which is dominant at LHeT, decreases its intensity rapidly by 
doping CdBr2' This is attributed to it that the presence of Br--ions 
makes unstable the RES responsible for the G-emission, which is quasi-
12 
stable in the absence of Br--ions. With further increa$e of the con-
centration of CdBr2, the RES related to the Y-emission becomes unstable 
and those related to the V- and UV-emissions become stable, which are 
unstable in the crystals of the low CdBr2 concentration. Thus, the 
changes from the Y- to the V- and the UV-emission are brought into the 
emission spectra. The UV-emission in CdBr2:I is supposed to be the 
intrinsic emission of CdBr2 influenced by the presence of the I--ions. 
Excitation spectra shown in F~g. 5 indicate tha-t, as x increases, 
some other absorption components grow in the low energy side of the 
4.57 eV band of the isolated I--ions. These components are supposed 
to be those due to the I--ion clusters. The V-emission is strongly 
excited in the absorption region due to the clusters of the middle 
size and the Y-emission is strongly excited in the lower energy region 
due to the clusters of the larger size. This is consistent with the 
concentration dependence of the emission spectra shown in Fig. 3 and is 
well explained by means of the present model for the luminescence 
centers. 
5. Conclusion 
(1) In CdBr2-CdI2 mixed crystals were observed four emission bands, 
namely, the UV-, V-, G- and Y-emission bands. As increa.sing x, the 
concentration of CdI 2 in the mixtures, the UV- and G-emission, dominant 
in the crystals of small x, decrease their intensities and, instead, 
the V- and Y-emissions increase their intensities. The V-emission ap-
pears only in the crystal of intermediate x and resembles the UV-emis-
sion of CdBr2:1 in the temperature dependence of the intensity, life-
time and polarization. The Y-emission is related to the intrinsic one 
of CdI2. Another intrinsic emission of CdI2, the G-emission, grows 
rapidly in the region of x above 90 mol %. 
(2) It was shown that the RES in the cadmium halide crystals, in-
cluding the pure, halogen-doped and mixed crystals,is well described 
by the excited states of the [Cd2+X6]4--complex molecular ions. It 
was supposed that the halogen ions in the complex influence strongly 
upon the thermal stability of each RES. On the basis of this supposi-
tion, the changes of the emissi9n spectra in the mixed crystals with 
the compositions can be qualitatively explained. 
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